The construction industry is one of the largest and also most hazardous industries in the USA. It is affected more severely by the business cycle than most other industries. We examined industry trends during the last decade including the severe recession. During 2008 to 2010, as a result of the recession, 2.7 million workers and 20% of all employers left the industry. By 2010, the number and rate of traumatic fatalities had reached its lowest point ever, only to gradually increase again as the industry recovered from the recession. The risks of a fatality were disproportionate with employer size. The small employers (<20 employees), which account for 37.5% of employment, were responsible for 57% of all fatalities. These small employers are less likely to embrace essential safety culture practices and are slow to adopt new approaches to occupational safety and health. These employers-especially those which hire immigrant workers and self-employed workers-lag far behind in terms of adopting even essential elements of good safety cultures and management practices. Currently, there are no restrictions on going into business as a construction contractor or seeking employment as a construction worker. There is a great need to find ways to establish minimum qualifications for becoming a construction contractor and for becoming a construction worker. Some jurisdictions have established minimum occupational safety and health training. This is a good start, but qualifications must include greater emphasis on minimum skills requirements. State and local jurisdictions have good policy tools which could be deployed for this purpose but which have largely been neglected: licensing of both companies and workers could include skills qualifications; construction permits could include requirements for occupational safety and health; and greater use of criminal prosecution could be pursued where it is obvious that basic requirements for safety and health have been ignored.
Introduction
In 2016, a deteriorating trend in construction safety and health began to emerge after 25 years of steady progress. The number of fatalities were beginning to increase. For instance, in New York City between 2014 and 2015, the number of incidents leading to serious injuries or deaths on the job almost doubled (NYCOSH, 2017) . What was going on?
Actually, what happened was entirely predictable and had in fact been predicted by CPWR-The Center for Construction Research and Training.
The construction industry is one of the largest industrial sectors in the USA, with 7-8% of total employment. In good years it consists of up to 740,000 employers and almost 12 million workers in either wage-or self-employment. Because all work is based on relatively short-term contracts, it is also characterized by a 'boom and bust' pattern, is more severely affected by the business cycle than most other US industries. During 2 years after the 2008 recession set in, the industry quickly lost over 20% of all employers and workers due to the sharp drop in construction activity. Between 2008 and 2011, 2.7 million workers departed the industry (CPWR Construction Chart Book, 6th ed., p. 21 https://www.cpwr.com/sites/ default/files/publications/CB%20page%2021.pdf).
Many older and experienced workers retired, as did many of the most marginally employed workers who had no protections, including many immigrant workers. At the same time, training programs ran out of money or decided not to enroll new trainees as long as work opportunities were not going to be available (CPWR Chart Book 5th ed., p.31. https://www.cpwr.com/sites/ default/files/publications/5th%20Edition%20Chart%20 Book%20Final.pdf).
The result was that by 2010/2011 the rate and the absolute number of fatal injuries were the lowest ever (BLS, 2016) . As the industry emerged from the recession, new workers and new employers started to enter the industry again. By 2016/2017, the industry was back to full employment. Many of the new employers that entered the industry had little construction management experience. Similarly, this period also saw an influx of new entrants into the work force who had little or no experience in the construction industry. As a result, the industry as whole now posed a greater risk profile than before the recession.
In July 2017, New York City authorities convened a summit was called to shed light on what had happened, which one of us (K.R.) participated in. An overview presentation by the Department of Buildings covering each of the 2016/2017 fatal injuries showed that these were mostly caused by inexperienced employers and workers performing work in an extremely hazardous way; 93% were among non-union workers and approximately 50% among Hispanic immigrant workers (NYCOSH, 2017 . For most of the fatalities, there were absolutely no excuses. They should never have happened. They were entirely preventable.
All of this begs a basic question: How do we prevent this from happening again in the future?
Surveillance of safety and health practices and outcomes
Over the past 25 years, the CPWR Data Center has developed a robust surveillance system for macro trends in safety and health in the construction industry. It relies on two principal sets of data to characterize safety and health. The first set of data, which contains information on safety and health practices in the construction industry, comes from an online survey conducted by Dodge Data & Analytics for CPWR. This survey has been performed three times: the first time in 2012 (Dodge Data and Analytics, 2013) ; the second time in 2015 (Dodge Data and Analytics, 2016) ; and the third time in late 2017 and recently reported (Dodge . The respondents are not completely representative of the industry as whole because they are employers who (i) are enrolled in the Dodge information system and (ii) choose to report back survey answers to Dodge when they are solicited to do so. However, the number of employers is sufficiently large to provide a rich source of data and covers all sizes of employers working in various industry sub-sectors to make this a very useful tool. And, because data are collected over time at regular intervals (approximately every other year), it provides reasonably representative time trends. Currently, there are no better data on safety and health management practices in the construction industry in the USA.
The second data set contains occupational fatality and injury data collected by the Bureau of Labor Statistics (BLS) as well as other data sets available to CPWR.
All of these data are compiled in the Construction Chart Book, which CPWR has been publishing for over 20 years and is now in its 6th edition. See https://www. cpwr.com/publications/construction-chart-book.
Safety and health practices in the USA
Over the years CPWR has surveyed construction employers about a variety of safety practices including five basic ones essential to any construction operation.
For a description of the five practices, see CPWR (2016b) . See Box 1.
Responses submitted by employers are shown in Fig. 1 . Overall less than half of employers report having all of the basic elements in their operations. Among small employers, only about 15% have adopted all of these practices. And, these are very basic practices, like having a plan for what you are going to do next. Fig. 2 shows fatality rates by size of employer in 2015. Not surprisingly, they correlate well with the reported adoption of safety practices (or lack thereof). Of the 730,000 employers with employees, 90% employ less than 20 employees. In total, these employees comprise 37.5% of all employment and 57% of all fatalities. By contrast, there are less than 10,000 employers with more than 100 employees, accounting for 1.3% of all employers. These The trends in fatality data for the period 2003-2015 resemble a roller-coaster pattern. Fig. 3 shows data for all fatal traumatic injuries. In 2003, there were 1171 reported deaths, for a rate of 11.7 per 100,000 full-time workers. By 2011, the deaths had declined to 781, for a rate of 9.0, and by 2015, the deaths had increased again to 985, for a rate of 9.9. In Fig. 4 , falls from heights are shown. They are a major risk for fatal injuries, accounting for more than a third of all deaths. In 2003, there were 355 deaths for a rate at 3.5 per 100,000 full-time equivalents (FTEs). By 2010/2011, the number of fatalities had declined by 100 compared to 2003, and the rate was 3.0. By 2014/2015, the annual number of fatalities had increased again by 100 compared to 2010/2011, and the fatality rate had increased to 3.6.
Understanding the industry and its risks
A society that wants to improve overall occupational safety and health (OSH) performance cannot escape addressing the construction industry. That's because this industry accounts for so much of all mortality and morbidity attributed to occupation.
We have estimated that over a working life that ended around 2010, the risk of fatal injuries were approximately one death per 200 FTE, and for non-fatal injuries resulting in days away from work, the adjusted lifetime risk was approximately 78 per 100 FTEs (Dong et al., 2014) . The industry has been responsible for 20% of all fatal occupational traumatic injuries, (CPWR Chart Book, p.38), and an even larger proportion of all occupational illnesses. For instance, best estimates attribute 40-55% of all occupational cancer incidence and mortality to the construction industry (Hutchings and Rushton, 2012) .
However, those risks are not distributed randomly. As the CPWR surveillance results show, they are disproportionately high among smaller employers, and also among employers who employ primarily immigrant workers. By contrast, risks are much lower among union workers, but they are also employed by larger and better resourced employers.
The construction industry in the USA (and similar patterns apply to other countries) consists of three broadly characterized markets, and these days employment is divided almost equally between them (Chart Book p. 12):
• The union market, where a large share of workers are union members or represented by unions, performs construction of infrastructure projects, industrial plants, and very large buildings, for owners with great resources, such as governments, utilities, corporations and large investment firms. These employers have sophisticated safety and health plans. The workers are highly skilled, having completed multi-year apprenticeship training, and receive excellent health and other fringe benefits. Large gains have been made in safety and health in this sector over the past 25 years 
Approaches to strengthening OSH
This changing pattern of employment makes it difficult to track changes in industry-wide safety and health performance over time. However, based on fatal injury data, substantial progress has been made over the years. Traumatic occupational fatality rates declined by more than 40% between 1992 and 2010. It is also evident that the attitudes of the industry towards safety and health have changed dramatically during that period of time, with larger construction employers improving their safety and health practices, and adding to traditional safety awareness a growing number of health promotion benefits (Dodge . The real problem remains that improvements that have been made are not trickling down to many smaller employers very effectively (CPWR, 2016b) , and the gap between leaders and laggers appears to be increasing (Dodge Data & Analytics, 2016) . How do we change that pattern?
Getting better data
We have noted for many years that non-fatal occupational injury and illness data suffer from growing under-reporting and should be viewed with a great deal of caution (Dong et al., 2011; Welch et al., 2013) ). For instance, in 2015 while the industry accounted for 20% of all fatal injuries, it supposedly only accounted for 6% of all non-fatal injuries (CPWR Chart Book, p. 38). We do not know how to reconcile these differences except to say that reporting of fatalities is more complete than for non-fatal injuries. This is important. Congress has granted employers with fewer than 10 employees exemptions from a growing number of OSHA reporting and inspection requirements if the industry sector has a Days Away, Restricted, or Transferred (DART) occupational injury and illness rate below the average national private sector rate of 1.6 for 2015. Box 2 shows the construction sub-sectors currently granted such exemptions. It is hard to envision how any of them could be 'better than average' in terms of actual occupational risk. But, instead of seeking more accurate data on the risks posed by small employers, they are being exempted from maintaining the records needed to establish those risks.
Establishing policy goals
Although significant progress has been made in construction safety and health in the USA over the past 25 years, it continues to lag behind most Western countries in overall construction safety and health performance, in some cases by as much as 3-fold or higher (CPWR Chart Book, p. 37).
Those other countries have typically had better OSH leadership. For instance, a decade ago, although the composite fatality rate in the construction industry in the UK was already less than half of the composite rate in the USA, it was not good enough for the UK. In 2009, an official inquiry was undertaken into what was characterized as the unacceptable risks in construction (Donaghy, 2009) , and it followed through on its recommendations. We need the same national leadership in the USA.
However, instead of facing the problem of safety in the USA construction industry, policy makers continue to make excuses for small employers. As noted above, instead of facing more intense scrutiny from enforcement agencies, small employers in more and more industry sub-sectors are being exempted from inspections and reporting requirements (see Box 2). That should end.
Building a safety culture for all
In September 2017, the International Social Security Association (ISSA) in cooperation with the International Labor Organization (ILO) and World Health Organization, launched the Global Vision Zero campaign (www.visionzero.global). It recognizes that while government regulation must form the back bone of any safety and health system, such regulation can only assure compliance with basic requirements and will not by itself achieve excellence. Excellence comes from self-motivation and engagement of all concerned.
Vision Zero focuses on fundamental 'rules' of conduct that each employer should adopt. CPWR has been engaged in creating ISSA's Vision Zero design for the construction industry based on its Safety Climate Guideline (CPWR, 2014), which consists of eight elements (see Box 3).
An essential part of CPWR's Safety Climate Guideline is the Safety Climate Assessment Tool, or S-CAT, a self-rating tool to enable construction companies to determine how mature their safety culture is. It can be completed by all company employees from rank and file to CEO to compare their perceptions. Over time, periodic reexaminations can be used to drive safety culture. This tool is available online at http:// Box 2. Construction industry classifications with small business exemptions. safetyclimateassessment.org. Currently, some 50 pilot testing construction companies have enrolled in the S-CAT and have made over 1200 reports of data into the online data base. Based on the industry classification and size they report, these companies can receive reports on how they compare to other similarly situated companies. The S-CAT was recently adapted for use by small employers (50 or fewer employees) to help identify the leading indicator activities that they feel they could do better or would need help with. Based on what CPWR learns, it will provide them with easy access to resources to help improve those activities. Here's a link to the S-CAT for small contractors: https://www.cpwr.com/ research/s-cat-sc-small-contractors.
NAICS Code Industry Sector
As part of its safety climate research CPWR identified that enhancing leadership skills among foremen and other front line supervisors could be a significant way to accelerate the establishment of good safety cultures. This also applies to small companies with only one or two crews where the owner is also the foreman. As a result, it created the Foundations for Safety Leadership (FSL), and it is being adopted by a growing number of employers who are reporting very favorable results. FSL can be accessed here: https://www.cpwr.com/foundations-safety-leadership-fsl.
Instituting competency requirements
One would think that in an industry as hazardous as construction, some restrictions would be placed on who could enter it without supervision. Alas, no.
As part of the inquiry in construction safety in the UK, a study evaluated in detail the root causes of a large number of fatalities in that country (HSE, 2009 ). The study found that a number of factors accounted for the risks that led to the fatalities, but above all them were lack of preparedness and qualification needed to anticipate potential hazards. It emphasized planning of the work to be performed and how it was going to be executed, and then implementing it according to the plan with continuous monitoring and review. This finding is fundamentally important.
Despite this, in almost all jurisdictions in the USA, it is much easier to get a business license as a construction contractor than it is to get a driver's license. And, there is no restriction on whom a construction contractor can employ. Anyone, whether employer or worker, can enter this industry without any competency requirements essential to assuring prevention. That makes no sense.
Encouraging project owner s to require worker safety
The role of the project owner in achieving safety is immensely important. The owner sets the tone and establishes expectations for any construction project, regardless of size. Most large construction owners take safety very seriously. They know that safety performance is also tied to quality and productivity. Safety saves. See https://www.osha.gov/dcsp/products/topics/businesscase/index.html.
The US nuclear power industry has a zero tolerance to OSH (and other) risks. It has proven that with owner engagement, construction of extremely complex facilities can be achieved with injury rates as low as in the finance industry (STC, 2011) . The construction for the 2012 Olympic Games in London was designed to be a model in safety. The facilities were built in 80 million labor hours without serious injuries (SHP, 2017) . So, it can be done.
If safety starts with the owner, then planning for safety becomes inherent to the construction process. One way to achieve owner awareness is to institute worker safety and health requirements in the construction permits that local (or state or federal) jurisdictions issue. Since the permitting process is all about safety, quality, and integrity, why not include worker safety as an additional component? If the owner is required to show a safety and health plan as part of the design included in the application for the permit, the project designer would also be required to take into account worker safety. That would be a big step forward in instituting prevention through design as a general principle of construction.
Local actions can be important
We tend to think of OSH policy in national terms, governed by OSHA and supported by NIOSH. However, much can be achieved on the local level. In addition to the use of the permitting process, as mentioned earlier, other local actions should be examined.
New York City became concerned about construction deaths as it saw big increases in 2014-2015. In 2016, it began to act on this information, and fatalities began to decline. It intensified inspections of smaller and less well capitalized construction projects. For the first time in history, criminal prosecution of both construction owners and contractors for willful negligence in the failure to protect worker safety was achieved. In October 2017, the New York City Council adopted Construction Safety Bill 1447. It requires up to 40 h of mandatory construction safety training, strengthened requirements for competent safety supervision on all job sites, more intensified enforcement and other important enhancements in mandatory safety provisions. It is evident that what is being implemented in the City is having an impact: the rest of New York State has not implemented these improvements, and as a result it is experiencing growing fatality rates while the rates in the City have begun to decline (NYCOSH, 2018).
Conclusions
The composite rate for all traumatic injuries was lower in 2015 than in 2003, even though it increased during 2012-2015. However, this was not the case for fatal falls. Because falls account for such a large proportion of all deaths, they disproportionately affected the composite trend in the last decade. If we ignored falls, the industry fared fairly well. If we focused solely on falls, it was as if the industry had made no progress in prevention in that decade. Progress had been made, but progress had also been lost.
There are many steps to building a safer industry. Leading employers are adopting new safety and health practices at a quick pace. Owners are increasingly demanding a high level of safety and health performance, but that is still mainly true only for very large construction projects. Finding ways to get smaller owners to take responsibility and smaller construction companies to adopt these advances faster are major challenges.
It is especially evident that the industry struggles with a qualification problem, which is not being adequately addressed. There are too many unscrupulous employers, and too many untrained workers.
As New York has begun to show, there are ways to address this problem. Permitting, licensing, and criminal prosecution may be very powerful tools that could be adopted to promote worker safety by requiring qualification. These tools should be tested.
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